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sraopsas 

Fatigue  tests  were  conducted  on  two  different  lightweight  aggregate 
concretes,  one  proportioned  for  a  high  strength  and  the  other  for  & 
low  strength o  Specimens  of  approximately  the  same  age  were  tested 
at  stress  levels  of  40,  50,  60,  70,  and  80  per  cent  of  the  ultimate 
static  compressive  strength  of  the  respective  mixes  <,  Within  the 
limits  of  the  investigation,  the  fatigue  behavior  of  high-»strength 
lightweight  concrete  *a.s  similar  to  that  of  low-strength  lightweight 
concrete o  In  addition *  the  fatigue  behavior  of  the  lightweight  aggregate 
concrete  appears  to  be  similar  to  that  found  for  a  normal  weight  concrete 
in  a  previous  study* 


A  STUDY  OF  THE  FATIGUE  PROPERTIES 
OF  LIGHTWEIGHT  AGGREGATE  CONCRETE 


INTRODUCTION 

Lightweight  aggregate  concrete  has  proven  itself  to  be  a  useful 
structural  material}  its  uses  and  applications  are  becoming  more 
numerous  as  engineers  learn  more  about  ite  The  literature  contains 
the  results  of  numerous  research  projects  carried  out  to  determine 
the  properties  cf  the  various  lightweight  aggregates  available  and 
some  on  strength,  volume  change,  and  thermal  properties  of  the  finished 
concrete,,  Published  information  on  the  fatigue  resistance  of  light- 
weight concrete  is  scant o 

The  resistance  of  a  material  to  repeated  loading  is  obviously 
an  important  factor  in  design*.  A  working  stress  must  be  chosen  such 
that  the  structure  will  not  fail  from  repeated  applications  of  loads 
below  the  ultimate  3trengtho  Knowledge  of  the  relationship  between 
the  number  of  cycles  toiailure  and  applied  stress  is  essentialo 
Many  studies  have  been  conducted  to  deterniine  the  fatigue  resistance 
of  normal  weight  concrete  (1,2.3,4*5)  but  more  information  is  needed 
on  the  behavior  of  lightweight  concrete  subjected  to  this  type  of  loadings. 
The  work  reported  in  this  paper  had  as  its  major  objective,  the  establish- 
ment and  comparison  of  the  S-2tf  relationship  of  two  lightweight  aggregate 
concretes,  and  the  comparison  of  these  two  relationships  xdth  two  curves 
previously  established  for  a  normal  weight  concrete o 

TESTING  PROGRAM 
The  testing  program  was  divided  into  two  parts*,  In  the  first  part 
tests  were  conducted  on  concrete  proportioned  to  have  a  static  compressive 


strength  of  3*500  psio  This  concrete  was  called  the  low-strength 
concrete  and  will  be  referred  to  as  the  LL  serieso  The  second  part 
consisted  of  conducting  tests  on  concrete  proportioned  to  have  a 
static  compressive  strength  of  65000  psio  This  concrete  was  called 
the  high-strength  concrete  and  will  be  referred  to  as  the  HL  series.. 
Each  series  was  made  up  of  five  batches  of  concrete  and  from  each 
batch  30  cylinders  3  inches  in  diameter  and  6  inchas  in  length  were 
casto 

Materials  and  Proportioning 

The  fine  and  coarse  aggregats  used  In  this  study  was  an  expanded 
shale  produced  in  a  rotary  kiln0  Type  I  Portland  cement  from  a  single 
clinker  batch  was  used  in  both  mixes  and  Darex,  added  at  the  mixer  2 
was  used  for  an  air-entraining  agent o  The  mixes  were  designed  in 
accordance  with  the  ACI  "Proposed  Recommended  Practice  for  Selecting 
Proportions  for  Structural  Lightweight  Concrete^"  (?)  except  that  the 
specific  gravity  factor  was  not  computedo 

The  average  strength  of  the  low-strength  concrete  was  3*700  psi 
with  a  slump  of  2  1/2  in.  and  an  air  content  7  per  cento  A  cement 
factor  of  5o8  bags  par  cubic  yard  was  usede  The  average  strength  of 
the  high  strength  concrete  was  6,200  psi  with  a  slump  of  2  1/2  in0  and 
an  air  content  of  6  1/2  per  cento  A  cement  factor  of  9o6  bags  per 
cubic  yard  was  used«  The  low-strength  concrete  contained  60  per  cent 
fine  aggregate  and  the  high-strength  concrete  contained  65  per  cent 
fine  aggregate o 

Specimens  were  cured  in  water  for  23  days  in  accordance  with  ASTM 
Designation*  C  129-52  T,  after  which,  they  were  placed  in  an  oven  to 


dry  for  4  to  5  days  at  a  temperature  of  approximately  105°Co  The 
object  of  drying  was  to  prevent  further  hydration  during  the  period 
of  fatigue  testings  After  the  specimens  were  removed  from  the  drying 
ovenp  they  \*ere  allowed  to  cool  for  24  hour3  before  capping*.  Caps 
were  then  placed  on  each  end  of  all  cylinders  with  a  sulfur  capping 
compound  and  the  cylinders  were  stored  at  room  temperature  until 
testingo 

Testing  Mathods 

Shortly  before  fatigue  testing,  static  compression  tests  were 
conducted  on  five  randomly  chosen  specimens  from  each  batch  to  estimate 
the  ultimate  strength  of  the  batcho  The  static  tests  served  as  an 
estimate  of  the  average  batch  strengths  and  the  stress  levels  used 
in  fatigue  testing  were  determined  from  these  results o 

Since  a  period  of  at  least  two  weeks  was  required  to  complete 
the  fatigue  testing  on  any  one  batch,  static  tests  were  conducted 
after  fatigue  testing  on  the  remaining  specimens  in  those  batches 
that  had  enough  specimens  left  to  insure  a  reasonable  estimate  of 
the  batch  strengths  These  tests  were  to  detect  any  gain  in  strength 
which  took  place  during  the  time  of  testing* 

Eight  specimens  ware  chosen  from  each  batch  for  testing  under 
a  pulsating  load  at  stress  levels  of  40,  505  60,  70,  and  80  per  cent 
of  the  estimated  static  compressive  strength  of  the  batcho  Specimens 
were  tested  in  direct  compression  only  and  a  minimum  stress  of  between 
70  and  170  psi  was  maintained  on  all  specimens  to  eliminate  any  poss- 
ibility of  impacto  In  some  cases?  where  power  failures  or  testing 
machine  break-dox-ms  occurred,  it  was  not  possible  to  test  specimens 


from  each  batch  at  all  stress  levels o  An  unused  specimen  was  used 
in  every  test,  and  if  the  testing  was  interrupted^  the  specimen  was 
discarded  and  the  test  was  rerun  on  a  new  specimen.. 

Two  testing  machines  were  employed  in  the  fatigue  testing  program^ 
the  Krouse-Purdue  machine,  and  an  Amsler  machine,,  The  Krouse-Purdue 
machine  is  of  the  constant  deflection  type  which  derives  its  force 
from  hydraulic  pressures  acting  on  a  piston  (Figure  l)»  Two  components 
of  load  are  applied  by  this  machine 0  The  first  is  an  average  preload 
which  is  proportional  to  the  difference  in  average  pressures  existing 
at  opposite  ends  of  a  hydraulic  cylinder,.  This  load  is  automatically 
controlled  by  a  hydraulic  make-up  pumpc  The  second  is  a  pulsating  load 
controlled  by  varying  the  throw  of  an  eccentric  crank 0  This  causes  a 
loading  which  is  alternately  larger  and  smaller  than  the  preloado  This 
machine  has  a  capacity  of  ^  6C;000  lbs,,  and  operates  at  19000  cycles  per 
minute o 

fhe  Amslsr  fatigue  testing  saachine  is  based  on  the  same  principle 
as  the  Krouse-Purdue  machine  except  that  the  loading  jack  is  separated 
from  the  pulsatoro  The  preload  of  the  Amsler  machine  is  the  minimum 
load  to  be  applied  and  the  pulsator  increases  the  load  from  this  minimum 
to  the  desired  maximum*  Loads  are  transmitted  by  hydraulic  pressure 
through  the  tubing  to  the  load  jack  which  is  mounted  on  a  specially 
built  frame o  The  jack  develops  its  force  by  pushing  against  the  frame 
and  the  concrete  specimen  which  is  placed  on  a  bearing  plate  on  the 
floor  (Figure  2).  This  machine  has  a  capacity  of  110,000  lbs0  and  can 
operate  at  speeds  of  either  2§0  cycles  per  minute  or  500  cycles  per 
minute o 


1  MOUSE-PUT 


FIGURE    I.   KROUSE-PURDUE  FATIGUE  MACHINE 


FIGURE  2.   LOADING   JACK 


Since  the  Krouse-Purdue  machine  tested  at  a  rate  of  1,000  cycles 
per  minute  and  the  Amsler  machine  was  vised  at  the  maximum  speed  of  500 
cycles  pep  minute ;,  tests  were  conducted  to  see  if  this  variation  would 
affect  the  fatigue  test  results 0     Batch  HL  1  was  selected  for  this 
purpose  with  one-half  of  the  specimens  being  tested  in  each  machine 0 
Allof  these  specimens  were  tested  at  the  SO  per  cent  stress  levels, 

DISCUSSION  OF  RESULTS 

The  discussion  of  the  results  of  this  study  has  bean  divided 
into  three  parts*  The  first  part  is  concerned  with  physical  properties 
of  the  plastic  concrete  and  the  static  tests  on  the  hardened  concrete 
The  discussion  of  the  fatigue  testing  data  is  pressnted  in  the  second 
part  and  the  third  part  is  concerned  with  the  comparison  of  the  results 
of  this  study  with  the  results  of  a  previous  study  on  normal  weight  concrete, 

Analysis  of  Mix  Data 

Since  each  series  consisted  of  a  group  of  five  separately  mixed 
batches*  estimates  of  the  properties  of  the  concrete  for  each  series 
were  made  from  the  properties  measured  en  individual  batcheso  The 
batch  properties  of  slump,  air  content,  and  static  ultimate  strength 
are  summarised  in  Tables  1  and  2Q 

The  analysis  of  variance  was  used  to  test  for  any  significant 
difference  between  the  average  batch  strengths  (8),  Data  from  the 
low-strength  concrete  and  the  high-strength  concrete  were  analysed 
separately,  and  then  the  observed  strengths  for  the  two  series  were 
compared.  All  ccfijpartscns  were  made  at  the  5  per  cent  significance 
level  and  the  following  results  were  founds 
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Table  1 

PHYSICAL  PROPERTIES  OF  CONCRETE 
LOW-STRENGTH  (LL)  MIX 


Batch 
Designation 

Air 
Content 
Percent 

Slump 
Inches 

Average  Ultimate  Strength 
After  Oven      After  Fatigue 
Drying                Testing 

j?s.Lt               *>si 

LL  1 

6.5 

2-5/8 

3500 

3280 

LL  2 

6.1 

2-3/8 

3820     * 

None  tested*** 

LL  3 

7.6 

3°V4 

4060 

3900 

LL  4 

7*5 

3 

3880 

None  tested 

LL  5 

6e2 

1-1/2 

3530 

None  tested 

*  Specimen  age  when  tested  was  34  days 
**  Specimen  age  ranged  from  51  to  58  days 
***  All  specimens  were  used  in  fatigue  testing 
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Table  2 

PHYSICAL 

PROPERTIES  OF  CONCRETE 

HIGH* 

"STRENGTH 

(HL)  MIX 

Air 

Content 

Percent 

Slump 
Inches 

Average 

Ult: 
ran 

Lraate  Strength 

Batch 
Designation 

After  Oi 
Drying 

After  Fatigue 

Testing 

■JKt 

HL  1 

6Q? 

2-3/8 

5130 

None  tested**3* 

HL  2 

6«6 

2=1/8 

6310 

None  tested 

HL3 

6»5 

2=3/« 

6360 

None  tested 

HL  4 

6.3 

1-7/8 

6360 

6180 

HL  5 

6„8 

3 

6260 

None  tested 

HL  6 

7«0 

2-3/4 

6010 

5790 

*  Specimen  age  ranged  from  44  to  69  days 
**  Specimen  age  ranged  from  84  to  94  days 
iuxt  All  specimens  were  used  in  fatigue  testing 
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lo  The  average  strength  of  the  lo     igfch  series  was  3760 

psi  with  a  standard  error  of  294  psi*  sad  the  average  strength 
of  the  high-strength  series  was  6^,260  psi  with  a  standard 
error  of  329  psic 
20  The  variances  of  the  batch  strengths  were  not  significantly 

different  in  either  the  high-strength  or  low-strength  concreta0 
3o  The  batch  msans  were  significantly  different  in  the  lowe- 
st rength  series  but  were  nci  significantly  different  in 
the  high-strength  series 0 
4o  The  t     -ar-ianee  of  the  low-strength  series  was  not 
significantly  different  from  the  total  mriance  of  the 
high-strength  series, 
5o  The  average  air  content  of  the  io\\>str©ngth  series  is  608 
per  cent  with  a  coefficient  of  variation  of  9  per  csnt^  and 
the  average  air  content  of  the  high-strength  series  was  6o5 
per  cent  with  a  coefficient  of  variation  of  5  per  cento 
So    There  was  no  significant  change  in  ultimate  strength  during 

the  time  of  fatigue  testingc 
These  results  indicated  that  two  distinct  populations  were  being 
tested  and  further  that  the  batch-to~hatch  variability  was  not  signify 
icant  except  for  the  case  of  strength  in  the  LL  series.  Examination 
of  the  means  shews  a  range  of  560  psi  in  this  series  which  was  considered 
low  enough  to  ignore  for  the  purposes  of  fatigue  testing.  Therefore^ 
specimens  wore  chosen  for  fatigue  testing  at  random  from  the  entire 
number  prepared  and  no  batch  effect  was  measuredo 
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FATIGUE  TEST  RESULTS 

The  results  of  the  fatigue  data  are  summarized  in  Tables  3  and  4» 
These  data  are  3hown  in  graphic  form  in  Figures  .3  and  kt   the  S-N  diagrams, 
where  stress  level  in  per  cent  is  plotted  against  cycles  to  failure  on 
a  logarithmic  saalec  As  is  usual  with  most  fatigue  data,  there  is 
considerable  variation  evident,  the  presence  of  which  makes  the  inter- 
pretation somev?hat  difficult*  However ?  the  purposes  of  this  investigation 
would  be  satisfied  if  curves  were  fitted  to  the  data  from  the  two  miKess 
compared  to  each  athsr,  and  c     1  to  a  comparable  curve  developed 
from  normal  weight,  concrete 0 

Since  ID  million  cycles  was  set  as  the  upper  limit  of  number  of 
stress  repetitions  and  many  specimens  tested  at  various  stress  levels 
endured  this  number,  it  was  not  possible  to  fit  a  curve  by  statistical 
means  over  the  entire  range  of  the  datso  For  example,  in  the  case  of 
the  low-strength  concrete,  all  of  the  specimens  tested  at  the  40  par 
cent  stress  level  and  all  except  one  speci^jsn  tested  at  the  50  par  esnt 
level  endured  ten  million  repetitions  of  leading  without  failure0 
Specimen  number  two  of  batch  LL  3  had  endured  9<>2  million  when  a  power 
failure  stopped  ths  no  doubt  would  have  gone  to  ten  million 

repetitisKSo 

If  the  assumption  that  specimen  two  of  batch  LL  3  endured  ten 
million  cycles  without  failure  is  accepted,  the  data  at  the  50  per 
cent  stress  level  is  incompleteo  Using  only  the  four  specimens  which 
failed  at  the  50  par  cent  stress  level,  when  actually  five  were  tested^ 
would  introduce  a  bias  into  the  statistical  interpretation  of  the 
fatigue  data*  For  this  reason  a  better  approximation  can  be  made  of 
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Table  3 
FATIGUE  TEST  RESULTS 
LOW-STRENGTH  CONCRETE 


Number  of 
Batch  Specimen  Maxdnum  Minimum  Stress  Cycles 

Designation  Number        Fatigue  Load    Fatigue  Load  Endured 


LL1                     1  9,900  (40)*      900  (3.6)*  10,304,600*  ** 

2  12,400  (50)  800  (3.2)  3,147,600 

3  14,800  (60)  700  (2.8)                688,700 

4  17,300  (70)  900  (3.6)                 43,000 

5  19,300  (80)  800  (3.2)                  19,100 

LL  2                      1  10,800  (40)  900  (3.3)  10,005,4004 

2  13,500  (50)  800  (3.0)  4,926,400 

3  16,200  (60)  500  (1.9)      396,600 

4  18,900  (70)  800  (3o0)        52,800 

5  21,600  (80)  800  (3«0)        3,500 

LL  3        1  11,500  (40)  700  (204)  10,464,100-» 

2  14,300  (50)  500  (1.7)  9,204,100 ■> 

3  17,200  (60)  900  (3.1)  1,610,000 

4  20,100  (70)  800  (2.7)       51,400 

5  23,000  (80)  500  (1.7)        1,600 

LL  4         1  11,000  (40)  1,000  (3.6)  10,418,100-* 

2  13,700  (50)  1,100  (4.0)  5,673,300 

3  16,500  (60)  900  (3.3)  1,217,000 

4  19,200  (70)  800  (2.9)       105,100 

5  22,000  (80)  900  (3.3)        8,600 

LL  5         1  10,000  (40)  1,000  (4.0)  11,  723,  300 -i> 

2  12,500  (50)  1,000  (4.0)  4,628,100 

3  15,000  (60)  1,000  (4.0)  2,262,500 

4  17,500  (70)  900  (3.6)       26,300 

5  19,900  (80)  1,100  (4o3)       1,900 


*Figure  in  parentheses  is  the  dynamic  load  expressed  as  a 
percentage  of  the  average  ultimate  strength  of  the  batch. 

**-$ indicates  that  the  specimen  had  not  failed  when  the  test 
was  stopped. 
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Batch 
Designation 


HL2 


HL3 


HL  4 


HL  5 


HL  6 


Table  4 
FATIGUE  TEST  RESULTS 
HIGH-STRENGTH  CONCRETE 


Specimen   Maximum     Minimum 
Number  Fatigue  Load   Fatigue  Load 


Number  of 

Stress  Cycles 

Endured 


1 
2 
3 
4 

5 

1 
2 
3 

h 

5 

1 

2 

3 

4 

5 
6 

1 

2 

3 

4 

5 

1 

2 

.3 
4 
5 


17,800  (40)*   1,000  (2*2)* 
22,200  (50)    1,200  (2o7) 
26,700  (60)    1,100  (2.5) 
Specimen  not  tested 
35,500  (80)   1,200  (20?) 


18,000  (40) 
22,500  (50) 
27,000  (60) 
31,500  (70) 
36,000  (80) 


1,100  (2,4) 
900  (2ffl0) 


1,000 
1,000 

1,000 


(2S2) 
(2.2) 
(2.2) 


Specimen  not  tested 
22,500  (50)    1,000  (2„2) 


22,500  (50) 
27,000  (60) 
31,000  (70) 
36,000  (80) 


1,200  (2o7) 
1,000  (2e2) 
1,000  (2.2) 
1,000  (202) 


Specimen  not  tested 
22,200  (50)    1,300  (2.9) 
26,600  (60)    1,100  (2*5) 
31,000  (70)    1,100  (2.5) 
35,400  (80)    1,100  (2.5) 

Specimen  not  tested 
21,200  (50)    1,200  (2.3) 
25,400  (60)    1,100  (206) 
29,700  (70)    1,100 
33,900  (80)    1,100 


10,453,700  -*  ** 
10,620^300  -* 
720,500 

6,100 

10,216,500  -» 
10,474,400* 
9,673,500 
150,900 
6,600 


4,751,300 

5,957,200 

736,400 

166,100 

5,400 


10,499,400  4 
6,737,500 
611,900 
110,000 


10,196,100  4 
4,116,700 
753,600 
86,300 


*  Figure  in  parentheses  is  the  dynamic  load  expressed  as  a 
percentage  of  the  average  ultimate  strength  of  the  batch. 

**  4  indicates  that  the  specimen  had  not  failed  when  the  test 
was  stopped. 
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the  S~N  relationship  if  only  the  data  at  the  60,  70,  and  30  per  cent 
stress  levels  are  include     bhe  calculations* 

In  the  case  of  the  icrete,  the  first  two  specis 

tested  at  the  40  par  cent  1  endured  the  max     f  ten  millira.'. 

cycles  of  loading  without  failure©  Since  all  of  the  specimens  of  the 
LL  series     d  at  the  UP  •_.  ss  level  endured  ten  million 

repetitions  of  loading,     .  felt      a   further  information  could 
be  gained  from  testing  '■  naining     ;led  specimens  of  the  HL 

series  at  the  40  per  ceni       lev        a  50  per  cent  stress 
level  only  two  specimens  failed  before  they  had  endured  ten  million 
cycles  of  loading  so  for  p  jsion  analysis *  data  colls 

at  the  50  par  cent  level  was  not  to  be  used  to  interprc       ;  relation* 
chip  of  the  HL  series.  Again s   the  S~N  relationship  was  computed  from 
data  collected  at  the  60,  70,  and  80  per  sent  stress  levels « 

Comparison  of  .the:  Two  Mixes 

Since  the  form  of  the  distribution  of  fatigue  data  was  unknown,, 
it  was  felt  that  a  test  should  be  employed  to  determine  whether  or  not 
the  two  sets  of  data  (LL  and  HL)  represent  populations  having  the  eame 
frequency  distribution.  A  method  called  "Runs"  was  chosen  for  this 
purpose  (9)o  Whsis  this  test  was  used  to  test  the  data  that  was  a;opli~ 
cable,  it  indicated  that,  at  the  5  per  cent  significance  level,  there 
was  no  reason  t©  bslieve  that  the  data  at  each  stress  level  did  not 
represent  the  same  population. 

The  S-N  Diagrams 

A  sami»log  coordinate  system  was  used  to  plot  the  S-N  relaticaishipo 
The  data  collected  from  the  LL  series  are  plotted  in  Figure  3  and  the 
data  collected  fycaa  tfacs  IE  series  are  plotted  in  Figure  4a 


17 


When  the  data  from  the  HL  series  were  plotted  there  appeared  to  be 
two  separate  and  distinct  relationships »  The  concrete  of  batches  HL  5 
and  HL  6  seemed  to  have  different  fatigue  characteristics  than  the 
concrete  of  batches  HL  2,  HL  3,  and  HL  lit>     The  reason  for  this  separation 
of  data  is  unknown »  Three  curves  were  fitted  to  the  fatigue  test  data$ 
one  for  the  LL  series  and  two  for  the  HL  series <■  For  purposes  of  caleul=» 
ation,  the  LL  series  will  be  referred  to  as  sample  Io  Batches  HL  2S 
HL  3*  and  HL  4  will  be  referred  to  as  sample  II  and  batches  HL  5  and 
HL  6  will  be  referred  to  as  sample  III0  Curves  were  fitted  to  each  set 
of  data  by  the  method  of  least  square s0 

The  least  sqiiares  linear  regression  equation  obtained  from  the 
data  of  sample  I  (LL  series)  ist 

log  N  •  13oO?7  -  0oU8  S 
where  N  is  the  number  of  cycles  to  failure  and  S  is  the  stress  expressed 
as  a  percentage  of  the  static  ultimate  stress,.  This  equation  can  be  used 
to  estimate  N  only  when  the  value  S  lies  between  60  and  80  per  cent 
because  this  is  the  range  of  S  used  in  the  calculations 0 

The  least  squares  linear  regression  equation  obtained  from  the  data 
of  sample  II  is? 

log  N  ■  12.379  =>  0,106  S 
The  use  of  this  equation  is  also  limited  to  -values  of  S  between  60 
and  60  per  cento 

The  least  square  linear  regression  equation  obtained  from  the 
data  of  sample  III  iss 

log  N  -  11*077  -  0oG35  S 
The  use  of  this  equation  is  limited  to  values  of  S  between  60  and  60 
per  cento 
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Calculations  for  correlation  coefficients  were  also  included  in 
the  linear  regression  analyses o  For  all  three  samples  there  is  obviously 
a  very  high  degree  of  association  between  cycles  to  failure  and  stress 
levelo  The  correlation  coefficients  were  found  to  be  =0<>952,  -0o982,  and 
-0<>956  for  samples  I,  II,  and  III  respectively,,  Comparison  tests  showed 
that  there  is  no  reason  to  believe  that  these  correlation  coefficients 
are  differento  Hences  the  degree  of  association  between  the  stress 
level  and  the  number  of  cycles  to  failure  can  be  assumed  to  be  the  same 
for  all  three  sample 3 o 

An  analysis  of  covariance  was  used  to  determine  whether  the  slopes 
of  the  three  regression  curves  were  significantly  differento  The  ccEapus»» 
tation  form  for  this  analysis  is  described  in  reference  (8).,  The  results 
of  this  test  indicate  that  there  is  no  reason  to  believe  that  the  3lopes 
of  the  three  regression  equations  are  different » 

A  two-way  analysis  of  variance  test  was  conducted  on  the  combined 
data  of  all  three  samples  to  see  if  there  was  any  difference  in  the 
intercepts  of  the  regression  equatioa0  This  analysis  indicates  that 
there  is  a  significant  difference  between  interceptsa  A  itewman-Kuels 
sequential  range  test  showed  that  the  intercept  of  sample  III  was 
different  than  the  intercepts  of  the  other  two  sampleso 

Prediction  intervals  were  also  calculated  for  the  three  S-iJ  relation- 
ships o  When  the  prediction  intervals  xrere  compared  it  appeared  that  the 
data  of  sample  III  was  different  than  the  data  of  sample  I  and  H0 

The  relationship  between  the  stress  level  and  the  number  of  cycles 
to  failure  is  represented  most  clearly  by  the  slope  of  the  linear  re- 
gression aquaticno  The  results  of  the  analysis  of  slopes  suggest  that 
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the  data  of  all  three  samples  have  the  same  slope  and  therefore  suggest 
that  all  three  samples  have  the  same  S-N  relationship,,  The  prediction 
intervals  tend  to  weaken  the  conclusion  that  all  three  samples  have  the 
same  S-N  relationship  but  this  test  is  not  as  strong  as  the  analysis  of 
slopes  because  individual  errors  rather  than  a  total  combined  error  is 
used.  It  iss  therefore^  felt  that  the  strongest  and  most  likely  con- 
clusion that  can  be  drawn  from  this  analysis  is  that  the  fatigue 
properties  of  all  concrete  tested  in  this  study  are  the  same  regardless 
of  differences  in  the  static  properties 0 

Bf feet  of  Rate  of  „Load  Application 
Kino  specimens  lifers  tested  in  each  machine  (Krouse-Purdue  and 
Amsler)  at  the  80  per  cent  stress  level  and  a  t-test  was  made  on  the 
means  obtained.  Specimens  tested  in  the  Krouse-Purdue  machine  were 
tested  at  a  rate  of  1,000  cycles  per  minute  and  those  tested  in  the 
Amsler  machine  were  tested  at  a  rate  of  500  cycles  per  minute  0  The 
statistical  analyals  of  these  fatigue  tests  indicated,  very  strongly 
that,  between  the  limits  of  500  and  1000  cycles  per  minute,  the  rate 
of  load  application  has  no  effect  on  the  fatigue  properties  of  the 
lightweight  concrete  used  in  this  study o 

Summary  of  Fatigue  Test  Results 
The  results  obtained  from  the  analysis  of  fatigue  test  data  may 
be  summarized  as  follows: 

lo  The  linear  regression  equation  of  the  S-N  relationships  for 
the  low-strength  concrete  for  values  of  S  between  60  and  80 
per  cent  isi 

log  N  •  13*077  -  0°3.X8  S 
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2o  The  data  of  the  high-strength  series  appeared  to  form  two 
separate  S»N  relationships o  The  linear  regression  equations 
of  these  two  S»N  relationships  for  values  of  S  between  60 
and  80  per  cent  are: 

log  N  *  12*379  -  Go.106  S 

and 

log  N  »  llo077  =  Oo035  S 
3»  There  is  no  reason  to  believe  that  a  difference  exists 
between  the  fatigue  properties  of  low-strength  and  the 
high-strength  concrete e  Hence  there  is  no  reason  to 
believs  that  the  gradations  used  in  this  stud/  have  any 
effect  on  the  fatigue  properties  of  lightweight  aggregate 
concrete* 
4o  The  S-N  diagrams  appear  to  show  no  fatigue  limit  for 

lightweight  aggregate  in  the  neighborhood  of  ten  million 
repetitions  of  loading,, 
5o  There  is  no  reason  to  believe*  from  the  results  obtained 
on  the  18  specimens  tested,  that  the  rate  of  load  applica- 
tion has  an  effect  on  the  fatigue  properties  of  lightweight- 
aggregate  concrete  vrfien  the  rate  of  load  application  lies 
between  the  values  of  500  and  laCQ0   cycles  per  minute o 
Comparison  of  Lightweight  Concrete, 
Wj^hjjormal  We^lfl  .CoflOWte 
In  May  of  1959  the  results  of  a  study  comparing  the  fatigue 
properties  of  air-entrained  concrete  with  the  fatigue  properties  of 
non-a5.r=»entrained  concrete  wa3  reported  ($)„  That  study  was  made  in 
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the  same  laboratory  a3  the  present  study*  The  testing  programs  were 
nearly  identical  except  for  the  aggregates  used*  The  coaz'se  aggregate 
utilized  in  the  1959  study  i-is.3  a  crushed  limestone  from  central  Indiana 
and  the  fine  aggregate  was  from  a  local  river  terrace  deposit  ■> 

A  comparison  was  made  to  determine  whether  the  fatigue  properties 
of  lightweight  concrete  are  different  from  the  fatigue  properties  of 
normal  weight  concrete  observed  in  the  earlier  study  0  Statistical 
tests  indicated  that  at  the  5  per  cent  significance  level  there  is 
no  significant  difference  in  the  slopes  of  the  S*»N  curves  for  light- 
weight and  normal  weight  concrete o  Since  the  slope  is  the  property 
which  best  defines  the  S-N  relationship,  it  seems  reasonable  to  con- 
clude that  the  fatigue  properties  of  the  concrete  used  in  the  present 
study  do  not  differ  from  the  fatigue  properties  of  normal  concrete 0 

A  test  for  difference  in  correlation  coefficients  indicated  that 
there  is  a  significant  difference  between  the  correlation  coefficients 
of  the  five  S-N  relationships  testedo  By  comparing  these  coefficients 
visually  it  can  be  seen  that  the  correlation  coefficient  for  the  non- 
air— entrained  series  reported  in  reference  (5)  is  about  30  per  cent 
lower  than  the  other  four  values  compared,.  This  comparison  indicates 
that  the  degree  of  association  between  stress  level  and  number  of  cycles 
to  failure  is  much  higher  for  concrete  containing  entrained  air0 

COSCLUSIGHS 
The  following  conclusions  can  be  drawn  from  the  fatigue  data 
collected  in  this  study.  These  conclusions  are  based  on  the  fatigue 
testing  of  forty-seven  3  inch  by  6  inch  lighUnsight  aggregate  concrete 
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specimens  tested  In  direct  compression  at  a  rate  of  loading  which 
varied  from  ls000  to  pOO  cycles  per  minute 0 

le  The  fatigue  properties  of  lightweight  aggregate  concrete 
are  not  significantly  different  over  large  variations  in 
strength  level  of  the  concrete j 
20  The  fatigue  properties  of  lightweight  aggregate  concrete 
are  not  significantly  different  from  the  fatigue  properties 
of  norml  weight  concrete  0 
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